
EXPERIMENTS IN CRYSTALLIZATION. 
BY A. J. JARMAN. 

The making of crystals of various kinds outside a 
chemical works or chemical laboratory is not often 
practised, because it is commonly considered that the 
subject is a very difficult one, or that it requires a 
complete knowledge of chemistry. Such, however, is 
a mistaken idea from either standpoint. Crystals of 
extraordinary beauty both in g�ometrical form and 
brilliancy of color can be produced by any person de
termined to make the undertaking successful. 

The accompanying illustration shows a group of py
ramidal crystalline structures that have been formed 
ia the national colors. 

The red is made of bichromate of potash, the white 
of common alum, and the blue of sulphate of copper. 

Many salts can be employed that are very cheap, and 
after the crystals have been formed the solution left 
over can often be used. The geometrical forms of the 
crystals can be observed during their formation, and 
it is interesting to watch how they grow as the liquid 
deposits the excess of salt. When finished, they can 
be dried and preserved under a glass covering like 
wax fiowers, so as to preserve them for ornament and 
for educational purposes. 

To produce results as illustrated, make a pyramid 
out of three pieces of wool, five inches long, and a 
quarter of an inch square. Wind each stick with cot
ton twine from end to end. Bind these three strips 
well at the apex of the pyramid and then for the base 
make a little triangle of the same sized strips, each 
piece being two and a half inches long. Cement these 
firmly at the corners with sealing wax, then cover 
every part neatly with a winding of cotton twine. 
Now distend the 'free ends of the three longer pieces, 
and fasten them' to the base with sealing wax, after 
which carefully cover all the waxed parts with 
twine. For a fine pyramidal block of whit� transpar
ent crystals prepare a small quantity of concentrated 
alum solution, made by adding powdered alum to a 
pint of boiling water, until no more will dissolve. Dip 
the cotton twine covered tripod or pyramid into this 
solution, let it soak for a minute, then stand it in a 
plate to cool. When cold it will be coated all over 
with very fine crystals of alum. This is the starting 
point to build up the final crystallizatidn. Examine 
the minute crystals with a magnifying glass, when it 
will be seen that the face of each crystal is triangular 
in form, the corners being cut off. No matter how 
small or how large the crystal may be, it 'always as
sumes the same geometrical form; for every salt crys
tallizes in a form according to its nature. 

Procure a two-gallon stoneware crock and a one
gallon glass battery jar. The battery jar should be 
eight inches high and six inches in diameter. Pour 
seven pints of boiling water into the stoneware crock. 
Add thereto about five pounds of powdered alum, a few 
ounces at a time, stirring the solu-
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stand for a week, when it will be found to have be
come a mass of beautiful crystals, clustering into one 
solid mass. 'The pyramid must now be removed (the 
glass plate also by a slight tap) a pint of clean, cold 
water poured over it, then stood upon folded blotting 
paper to drain, changing the blotting paper twice daily 
for a week to nine days, when it will be found that the 
crystals will become almost transparent. The pyramid 
being complete, it may now be covered with a suitable 
glass dome, and it will form a unique and instructive 
ornament. Several sets should be made from various 
salts, in various colors. All of them can be carried out 
in precisely the same manner as described for alum. 

The following salts are not expensive and will give 
the various colors stated. They will not become 
moist upon exposure ' to the atmosphere. For white, 
common alum and cane sugar; red, potassium bi
chromate; yellow, yellow prussiate of potash; dark 
green, double sulphate of nickel and ammonia; light 
green, chlorate of nickel. 

There are very many other salts that will give a 

RED, WHITE, AND BLUE PYRAMIDAL CLUSTERS OF 
CRYSTALS. 

great variety of colors, the majority of them being 
deliquescent, becoming moist and melting upon ex
posure to the atmosphere, but those enumerated here 
will be permanent under all ordinary conditions. 

• •• • 

SIMPLE METHOD OF PRODUCING THE ZEEMAN EFFECT. 

BY w. K. CARR. 

The world was startled when, a few years ago, Prof. 
Zeeman announced that if pieces of sodium were 
burned between the poles of a powerful electro-mag
net, the spectroscope would show the D line much 
broadened while the existing current was turned on, 
and that the original aspect of the line would be re
stored as soon as the current ceased. 

The experiment confirmed the much-discussed the
ory of H. A. Lorentz, who assumed that the hitherto 
homogeneous and indestructible atom of the chemist 
was, as a matter of fact, heterogeneous and' composed 
of minute particles or vortices in the ether of space, 
having a definite mass and possessing all the proper
ties of negative electricity. These particles, or vor
ticeEi, which are now called "electrons," he conceived 
as vibrating about the common center of gravity of 
the atom, and further, that light was due to trans
verse vibrations in the ether generated by these rap
idly-moving electrons. If, argued Lorentz, the atom 
be made up of such particles or vortices, their rate 
of vibration would be altered by the lines of force in 
a magnetic field, and we should be able to predict their 
behavior with accuracy. Going back to two swinging 
pendulums for analogy, he pointed out that any mo-
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and component number 3, in which they move against 
the hands of the clock. Now suppose we look at the 
vapor of sodium in a magnetic field and along the 
lines of force. Consider the electrons a.s ne/c;-atively 
charged, and the lines of force runniw '�oward you, 
what will happen? You cannot see any 3ffect of com
ponent number 1, since the electrons 01 that compo
nent are moving in the line of your vision, and since 
electrons emit waves only at right angles to the line 
of sight; hence to see the waves of component. num
ber 1, you would have to move your position, and 
look at the burning sodium at right angles to the 
lines of force. But with components numbers 2 and 
3 the conditions are very different. Here the electrons 
are revolving in circular orbits, and in a plane at 
right angles to the line of sight; and since those 
which move with the hands of a watch are retarded, 
and those against the hands of a watch are accele
rated, the single line seen in the spectroscope would 
split into two, or, as in Prof. Zeeman's case, where 
the spectroscope was of small dispersive power, only 
a broadening of line would be observed. This, then, 
was the' experiment which startled the scientific world, 
startled it because one of the fundamental principles 
of science was apparently overthrown-the homoge
neity of the atom of the chemist. 

Notwithstanding its value and significance, the ex
periment is rarely witnessed, because of the ponder
ous and costly apparatus necessary to produce the di
vision of the spectral lines. Powerful gratings and 
magnets, both exceedingly expensive, have up to the 
present time, been used in the demonstration. The 
writer, however, has a very simple piece of appara
tus, costing less than $30, which shows the phenome-
non admirably. No claim to originality is made, Save 
in the matter of its arrangement, which is so simple 
as to be well within the grasp of any intelligent boy. 
Instead of the powerful spectroscope, the reader will 
observe in the accompanying photograph a little inter
ferometer attached to the telescope. This is a modi
'fication of Fabry's, and for it the writer is indebted 
to the inventive genius and the exquisite mechanical 
ingenuity of Prof. Pfund of Johns Hopkins Univer
sity. And instead of the huge ,magnet used by Zee
man, one weighing less than forty pounds is found 
more than ample. The photograph shows a piece of 
board six inches long to which is attached A, a lens 
of three inches focus, B a Nicol prism which can be 
revolved in its brass collar, C the interferometer, D 
the telescope, and 0 a spring clip for holding the quar 
ter wave plate. This apparatus is simplicity its!'llf, 
is always in adjustment, and can be rapidly shifted 
to view the phenomenon along the line of sight and 
at right angles to it. 

Instead of burning sodium, let us use a tube con
taining helium gas, and place the apparatus so that 
we may view the light parallel to the lines of force 
and through the hole drilled in the pole piece of the 
magnet, as seen in Fig. 1. Examine the glowing tube 
before the magnet is energized, and you will see sev
eral concentric yellow rings in the field of the tele
scope. 

Fix your attention upon any one of the rings which 
if: the equivaJEmt of the yellow line that would be seen 
in an ordinary spectroscope. Turn the current into 
the magnet, and instantly the yellow ring splits into 
two. Revolve the Nicol, but you cannot extinguish 
the rings, because, just as Lorentz predicted, they are 
circularlS 'polarized. Now introduce a quarter wave 

plate, the effect of which is to 
tion well with a clear strip' of 
glass. As soon as the hot water 
will ,dissolve no more alum it is 
then saturated and must be poured 
into the glass battery jar, which 
has been previously warmed, 
straining the solution of alum by 
tYing a three-fold piece of cheese
cloth over the top of the jar. Now 
place in the battery jar a circular
like lid about lh. inch deep, such 
as the lid of a paste jar. Set 
upon this lid a piece of glass four 
and a half inches square, and upon 
the glass' the slightly crystallized 
pyramid COIllpletely immersed in 
the solution and weighted down 
with a large alum crystal or a 

he!lvy 'glass stopper. A small 
crystal of alum may -also be 

Fig.l.-J,Ookbig lIi'the direction of the IDag",etic linea. Fig. 2.-Looking at rightJIngles to the magnetic linea. 

,produce a retardation of one-half 
'wave length. The light is now 
plane polarized, and can be ex
tinguished by the Nicol-a furth
er and a beautiful confirmation 
.'9f Lorentz's theory. So much 
,for 'components' numbers 2 and 
'3, but "cOI:i1ponent number 1 can
not be seim, since its electrons 
are moving parallel to the lines 
of force. Now take out the 
Nicol, and move the apparatus 
so as to view the light at right 
angles -to the lines of force. 
(Fig. 2,) TUrn on the current, 

and one" yellow ring is observe d 
to brea,k uP, into . three. Let UB 

analyze i them, bearing in mind 
what ,Lo,rentz said, viz.: That one 
of 'these' lines, component number 

p;laced upon the top of the pyramid. 
All must now be left to cool gradufilry:;:, Under �11(), 
condition must the vessel be dis�urb�4(',because: this 
would cause the alum to be throwri' gown in a' few 
minutes in very fine crystals like eommon salt, 

At the end of twenty-four hours, the whole of the py
ramid will be covered with beautifully formed crystals. 
At the end of forty-eight hours, the pyramid may be 
removed, and the alum solution made hot once more, 
adding more ground alum to saturate the solution; 
pour this solution again into the battery jar and insert 
the pyramid with the sheet glass base; allow this to 

APPARATUS FOR PRODUCING THE ZEEMAN EFFECT. 

�!OIf,�' ,'Whl�h the l'llectron is subject could be resolved 
into three ',cqmponents, one in straight 'lines ,parallel 
to the lin¢s of ma.,gnetic force; and the other two at 
right angles to them; but since these last two can be 
further resolved-into two circular motions (one to 
the right and one ,to the l eft) around an axis parallel 
to the lines of force, we can say that the motion which 
the el)lctrQns areeapable of making may be divided 
into component number 1, in which the electrons are 
moving parallel to the lines of force; component num
ber 2, in which they move with the hands of the clock; 

1; was polarized lying in a' hori· 
zontal plane, 'and thi!.t the other two, cOJI.lponents num
bers 2 'and 3, were polarized in a vertical plane, ver
tical because in this position we are looking at the 
edges of these circular Vibrations," and the effect upon 
us is as if the particles were actually moving verti
cally. Now introduce the Nicof with its short diago
nal vertical; two rings appear, and with the short 
diagonal horizontal one ring appears-a beautiful con
firmation of .one of the cleverest pieces of reasoning 
ever credited to the mind of man. 

In the whole realm of physics there is nothing more 
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striking, more significant, and the effect which it is 
destined to exercise upon the future of science is sim
ply incalculable. 

... e .• 

SOME SIMPLE TESTS FOR OILS. 

BY RALPH P. CLARKSON. 

There are several tests which anyone can apply 
without the use of special apparatus, and tell some
thing about the grade of lubricating oil he is getting. 

THE FLASH TEST. 

Place a small amount of the oil to be tested in a 

APPARATUS FOR DETERMINING THE FLASHING POINT 
OF OIL. 

pan, as indicated at a in the accompanying engraving, 
and heat by means of the lamp beneath. As the oil 
heats, apply a match at b. After a time a flash is seen 
when the match is appiied, but it disappears as rapidly 
as it came. This shows that enough vapor had been 
produced to mix with the air and form an explosive 
mixture. The tempera,ture, given by thermometer c, 
at which this occurs, is called the flashing point. At 
some higher temperature, if a match is applied, the 
oil takes fire. This latter temperature is known as 
the burning point, and may be a considerable number 
of degrees above the flashing point. 

TO DETECT THE PRESENCE OF AN ACID. 

Dissolve a small amount of sodium carbonate in an 
equal volume of water. Place it, together with the 
oil to be tested, in a flask or beaker and shake thor
oughly. The quantity of precipitate will be a gage of 
the amount of acid present. 

TO DETECT THE PRESENCE OF GRIT. 

Drop a small amount of the oil on white or very 
light-colored blotting paper. The oil will be absorbed, 
and the grit will be visible as small black specks on 
the blotter. 
TO FIND THE TEMPERATURE AT WHICH THE OIL CONGEALS. 

Put 15 parts of Glauber salts into a beaker. Place. 
in this a bottle containing a sample of the oil. Place 
over the salt a mixture of 5 parts hydrochloric acid 
and 5 parts of cold water. The temperature is re
duced slowly, and can be observed from time to time 
as the oil thickens. Any freezing mixture or even ice 
can be used in place of the above. 

..... -. 

THE IONIZATION OF AIR. 
SOME SIMPLE EXPERIMENTS. 

The terms ions and electrons have now become fami
liar in the explanation of electrical phenomena. Most 
of the investigations upon which they are based how
ever have been made in vacuo, and consequently they 
are but little understood, except by those scientists 
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who have devoted their energies to their especial 
study. There are however many simpJe experiments, 
mostly due to Righi, which can be made in air at the 
ordinary pressure, and which form a useful introduc
tion to the study of ionization. The accompanying 
illustrations represent some of these typical simple 
experiments performed by Mr. C. J. Watson of Bir
mingham, which arousj'ld considerable interest at a re
cent scientific conversazione in that city, and through 
his courtesy we are able to explain how they were car
ried out and how they may be repeated by any inter
ested reader. 

It is well known that if a pointed wire be con
nected to one pole of an influence electric machine, 
and the other pole is earthed, a discharge of electric
ity will be obtained. The prool of electric discharge 
may be easily verified by means of a lighted candle 
and a gold-leaf electroscope. If the former is placed 
on the cap of the latter, the electroscope, even if dis
posed several yards from the machine, will collect 
continuously the electricity discharged from the ma
chine. Similarly, if the action is carried out in the 
dark, a small stream of purple light may be seen, 
which although scarcely visible, will exercise a pro
nouncedly marked influence upon an exposed photo
graphic plate. Another method in which this dis
charge may be ascertained is to place a condenser, 
comprising a piece of glass 1/16 inch thick coated on 
both sides with tinfoil to within 1h inch of its edge, 
opposite the point of the wire. Then connect the two 
opposite coatings of tinfoil with a strip of the same 
material, which has a fine cut in it. When the re
yerse side of the condenser is connected to earth, 
there will be a distinct spark jumping across the nar
row gap. 

If this discharge point then be immersed in a metal 
box, fitted with an opening which is covered with per
forated zinc, so that the electrified air is forced 
through the perforations, if the box is earthed it will 
be found that the air which is thus expelled is totally 
deprived of electric charge. It thus appears that the 
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ng. t.-Interposing a non-conductor in the path 
of the ionR. 

electric charge is not carried by the particles of air 
generally, but by a smaller number of what for the 
present are generally described as ions. 

Several simple expe.riments may De carried out to 
ascertain the paths pursued by these ions. For in
stance, take a sheet of ebonite, the reverse side of 
which is coated with tinfoil and earthed, and place it 
a foot distant from the discharge point. It is advis
able to pass the sheet over a gas flame for a few sec
onds before each experiment, so that any electricity 
present in the sheet may be eliminated. When the 
discharge from the electric machine is carried out 
for about one second, the sheet will be charged suffi
ciently. No visible effect of this occurrence will be 

observable; but if the sheet is sprinkled with a mix
ture of powdered red lead and sulphur, and the same 
experiment is repeated with an obstacle of non-con
ducting material interposed between the discharge 
point and the sheet, such as say a cross, an image of 
that object will be produced upon the plate. If nega
tive electricity has been discharged from the electrical 
point, then the sulphur will collect on those parts 

Fig. 12.-Forcing a discharge through a zinc sieve. 
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I<'ig. 13.-E1fect of ultra-violet rays on zinc. 

immediately beneath the object, while ·the red lead 
will adhere to those parts charged negatively by the 
unimpeded discharge on the surrounding areas. The 
drawing, Fig. I, shows how the experiment is carried 
out, while the photograph, Fig. 2, gives the result of 
the interposition of the cross in the path pursued by 
the ions. 

The image of the object is usually enlarged, but this 
factor is influenced to some extent by the length of 
time of the electric discharge. A preferable method 
is to take a sheet of celluloid, as shown in. Fig. 3, per
forated with holes at regular distances. Then when 
the image of these holes is obtained, as shown in Fig. 
4, the distances between their centers can be m�asured. 
When the distance of the ebonite sheet is varied (the 
distance of the celluloid sheet from the electric pole 
being kept constant) it will be found that the size 
of the image grows with the dIstance, but not propor
tionately. The electrified particles or ions travel along 
the lines of electric force, and consequently generally 
in curved lines. This has been proved by using, in
stead of a point, a long thin wire held parallel to the 
i.nterposed sheet of celluloid, when the lines of force 
,ire circular arcs passing through the wire, alld strik
ing the ebonite perpendicularly to its surface. 

It will also be found that the streams of ions mutu
ally repel each other, so that if tpe electrified point 
be very near to the celluloid, the individual images 
of the holes will be found to have enlarged themselves 
at the expense of the intervening spaces, and will even 
be observed to have assumed almost a square form, as 
shown in Fig. 5. This is of course analogous to what 
is observed with the cathode rays of highly exhausted 
tubes. A similar repulsion is also manifested when 
an insulated metal object is used as the interposed ob· 
ject. This is illustrated in Fig. 6, which represents 
the effect produced by a piece of brass tubing on the 
end of an ebonite rod, both being of the same diameter. 

(Continued on page 250.) 

PIgs. B 10 G.-Shadow effects produced by Jnterposing non-condnctors In a stream of electrl1le4 particles. 

FJgs. 7 to ll.-The eftOOt of an air blast on the discharge, and of tbrclng a dIscharge through perforated zinc, 
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